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(54) Surface acoustic wave device 

(57) The present invention provides a surface 
acoustic wave filter (20A) having an unbalance-to-un- 
balance conversion function and an impedance conver- 
sion function. This surface acoustic wave filter includes 
a piezoelectric substrate (21), a first surface acoustic 
wave filter (22) that is made up of input (24) and output 
(25, 26) interdigital transducers (IDTs), and a second 
surface acoustic wave filter (23) that is also made up of 
input (27) and output (28, 29) IDTs. The phase differ- 
ence between the first surface acoustic wave filter (22) 
and the second surface acoustic wave filter (23) is ap- 
proximately 180°. The input IDT (24) of the first surface 
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acoustic wave filter (22) is connected to the input IDT 
(27) of the second surface acoustic wave filter (23) by 
a connecting wire (32), and a terminal (34) extending 
from this connecting wire (32) serves as an unbalanced 
terminal. An output terminal (35A) extends from the out- 
put IDTs (25, 26) of the first surface acoustic wave filter 
(22) that are not connected to the second surface acous- 
tic wave filter (23), and another output terminal (35B) 
extends from the output IDTs (28, 29) of the second sur- 
face acoustic wave filter (23) that are not connected to 
the first surface acoustic wave filter (22). These output 
terminals (35A, 35B) constitute a balanced terminal 
(35). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to sur- 
face acoustic wave filters, and, more particularly, to a 
surface acoustic wave filter used in a high-frequency cir- 
cuit of a wireless device such as a portable telephone. 

2. Description of the Related Art 

[0002] In general, surface acoustic wave devices are 
widely used as filters in high-frequency circuits of wire- 
less communication devices such as portable tele- 
phones. FIG. 1 is a block diagram of a high-frequency 
terminal of a portable telephone that comprises surface 
acoustic wave devices as a reception filter 4 and a trans- 
mission filter 8. 

[0003] On the reception side, a signal inputted 
through an antenna 1 is filtered by a branching filter 2 
so as to obtain a signal having a certain frequency. The 
filtered signal is then subjected to amplification in a low 
noise amplifier 3, and supplied to the reception filter 4 
constituted by a surface acoustic wave device. The sig- 
nal is subjected to passband restriction in the reception 
filter 4, and then superimposed on a carrier generated 
by a local oscillator 6 in a mixer IC 5A. The superim- 
posed signal is transmitted to an intermediate frequency 
unit. On the other hand, a transmission signal from a 
modulator is superimposed on a carrier generated by 
the local oscillator 6 in a mixer IC 7. The superimposed 
signal is then subjected to passband restriction in the 
transmission filter 8, and then amplified by a power am- 
plifier 9. The amplified signal is then filtered by the 
branching filter 2, and transmitted through the antenna 
1. 

[0004] In recent years, in such a high-frequency cir- 
cuit of a wireless communication device, a mixer IC hav- 
ing balanced input and output, or differential input and 
output has been used. FIG. 2 is a circuit block diagram 
of the high-frequency unit of a portable telephone having 
a balanced mixer IC 5B. As shown in FIG. 2, the bal- 
anced mixer IC 5B comprises a pair of input terminals 
11 A and 11B. Using the balanced mixer IC 5B, an ad- 
verse influence from noise can be reduced, and the out- 
put can be stabilized. Thus, the characteristics of the 
portable telephone can be improved. 
[0005] However, the conventional surface acoustic 
wave filter, which constitutes the reception filter 4, re- 
quires a balance-unbalance conversion transformer 10 
or an independent conversion circuit that performs bal- 
ance-unbalance conversion between the reception filter 
4 and the balanced mixer IC 5B, because the input and 
output terminals of the reception filter 4 are unbalanced. 
[0006] Furthermore, the surface acoustic wave filter, 
which constitutes the reception filter 4, has a normal im- 



pedance of 50 Q, while the balanced mixer IC 5B, which 
comprises the balanced input terminals 11 A and 11 B, 
has a higher impedance of 100 to 200 £2. Therefore, an 
impedance conversion circuit is also required to connect 
s the reception filter 4 and the balanced mixer IC 5B. 
[0007] For the above reasons, with the balanced mix- 
er IC 5B, the characteristics of the portable telephone 
can be improved, but the number of components is in- 
creased. As a result, the demands for smaller, lighter, 
and less expensive portable telephones cannot be sat- 
isfied. 

SUMMARY OF THE INVENTION 

[0008] A general object of the present invention is to 
provide surface acoustic wave devices in which the 
above disadvantages are eliminated. 
[0009] A more specific object of the present invention 
is to provide a surface acoustic wave device that has an 
unbalance-balance conversion function and an imped- 
ance conversion function. 

[0010] The above objects of the present invention are 
achieved by a surface acoustic wave device that in- 
cludes: 

a piezoelectric substrate; 

a first surface acoustic wave filter that is formed on 
the piezoelectric substrate, and has at least one in- 
put interdigital transducer and at least one output 
interdigital transducer arranged alternately on a 
surface acoustic wave path on the piezoelectric 
substrate; and 

a second surface acoustic wave filter that is formed 
on the piezoelectric substrate, and has at least one 
input interdigital transducer and at least one output 
interdigital transducer arranged alternately on the 
surface acoustic wave path on the piezoelectric 
substrate, the phase difference between the first 
surface acoustic wave filter and the second surface 
acoustic wave filter being approximately 180°. 

[001 1] In this surface acoustic wave device, the input 
interdigital transducers of the first surface acoustic wave 
filter and the second surface acoustic wave filter are 
electrically connected, or the output interdigital trans- 
ducers of the first surface acoustic wave filter and the 
second surface acoustic wave filter are electrically con- 
nected. A terminal extending from the connecting point 
between the first and second surface acoustic wave fil- 
ters serves as an unbalanced terminal. Among the in- 
terdigital transducers disposed to the first and second 
surface acoustic wave filters, those unconnected be- 
tween the first and second surface acoustic wave filters 
have terminals extending therefrom, and the terminals 
serve as a balanced terminal. 

[0012] According to the present invention described 
above, the surface acoustic wave device has the unbal- 
anced terminal on the input side and the balanced ter- 
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minal as the output side. With such a structure, a circuit 
or component that performs balance-unbalance conver- 
sion is no longer required. Accordingly, the number of 
components, the size, the weight, and the cost of an 
electronic apparatus (such as a portable telephone hav- 
ing a balanced mixer IC) can be reduced. 
[001 3] The above objects of the present invention are 
also achieved by a surface acoustic wave device that 
includes: 

a piezoelectric substrate; and 

five interdigital transducers that are disposed on a 

surface acoustic wave path on the piezoelectric 

substrate. 

[0014] Among the five interdigital transducers, the 
first, third, and fifth interdigital transducers counted from 
one end of the device are input interdigital transducers 
and electrically connected at electrodes on one side, 
and a terminal extending from the connecting point be- 
tween the first, third, and fifth interdigital transducers 
serves as an unbalanced terminal. On the other hand, 
the second and fourth interdigital transducers counted 
from the one end of the device serve as output interdig- 
ital transducers and are electrically connected at elec- 
trodes on the other side. The phase difference between 
the electrodes on the one side and the electrodes on the 
other side of the second and fourth output interdigital 
transducers is 180° . A first terminal extends from the 
connecting point between the electrically connected 
electrodes on the one side of the second and fourth in- 
terdigital transducers, while a second terminal extends 
from the connecting point between the electrically con- 
nected electrodes on the other side of the second and 
fourth interdigital transducers. The first terminal and 
second terminal constitute a balanced terminal. 
[0015] The surface acoustic wave device of the 
present invention has an unbalanced terminal on the in- 
put side and a balanced terminal on the output side. Ac- 
cordingly, a circuit or component that performs balance- 
unbalance conversion is no longer required. Thus, the 
number of components, the size, the weight, and the 
cost of an electronic apparatus (such as a portable tel- 
ephone comprising a balanced mixer IC) having the sur- 
face acoustic wave device mounted thereon can be ef- 
fectively reduced. 

[0016] Furthermore, with the surface acoustic wave 
device including the five interdigital transducers (5-IDT 
filter), a stable characteristics can be obtained in a wider 
passband. 

[0017] The above and other objects and features of 
the present invention will become more apparent from 
the following description taken in conjunction with the 
accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

5 FIG. 1 is a block diagram of a portable terminal de- 

vice that includes an example of conventional sur- 
face acoustic wave devices; 
FIG. 2 is a block diagram of a portable terminal de- 
vice that includes another example of conventional 

10 surface acoustic wave devices; 

FIG. 3 shows a surface acoustic wave device of a 
first embodiment of the present invention; 
FIG. 4 is a circuit diagram of a surface acoustic 
wave device of the first embodiment of the present 

15 invention; 

FIG. 5 shows a surface acoustic wave device of a 
second embodiment of the present invention; 
FIG. 6 shows a surface acoustic wave device of a 
third embodiment of the present invention; 

20 FIG. 7 shows a surface acoustic wave device of a 
fourth embodiment of the present invention; 
FIG. 8 illustrates the characteristics of the surface 
acoustic wave of the fourth embodiment; 
FIG. 9 shows a surface acoustic wave device of a 

25 fifth embodiment of the present invention; 

FIG. 10 shows a surface acoustic wave device of a 
sixth embodiment of the present invention; 
FIG. 11 shows a surface acoustic wave device of a 
seventh embodiment of the present invention; 

30 FIG. 12 shows a surface acoustic wave device of 
an eighth embodiment of the present invention; 
FIG. 13 shows a surface acoustic wave device of a 
ninth embodiment of the present invention; 
FIG. 14 shows a surface acoustic wave device of a 

35 tenth embodiment of the present invention; 

FIG. 15 shows a surface acoustic wave device of 
an eleventh embodiment of the present invention; 
FIG. 16 shows a surface acoustic wave device of a 
twelfth embodiment of the present invention; 

40 FIG. 17 shows a surface acoustic wave device of a 
thirteenth embodiment of the present invention; 
FIG. 18 shows a surface acoustic wave device of a 
fourteenth embodiment of the present invention; 
FIG. 19 shows a surface acoustic wave device of a 

45 fifteenth embodiment of the present invention; 

FIG. 20 shows a surface acoustic wave device of a 
sixteenth embodiment of the present invention; 
FIG. 21 shows a surface acoustic wave device of a 
seventeenth embodiment of the present invention; 

50 FIG. 22 shows a surface acoustic wave device of 

an eighteenth embodiment of the present invention; 
FIG. 23 shows a surface acoustic wave device of a 
nineteenth embodiment of the present invention; 
FIG. 24 shows a surface acoustic wave device of a 

55 twentieth embodiment of the present invention; 

FIG. 25 shows a surface acoustic wave device of a 
twenty-first embodiment of the present invention; 
FIG. 26 shows a surface acoustic wave device of a 
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twenty-second embodiment of the present inven- 
tion; 

FIG. 27 shows a surface acoustic wave device of a 
twenty-third embodiment of the present invention; 
FIG. 28 shows a surface acoustic wave device of a 5 
twenty-fourth embodiment of the present invention; 
FIG. 29 shows a surface acoustic wave device of a 
twenty-fifth embodiment of the present invention; 
FIG. 30 shows a surface acoustic wave device of a 
twenty-sixth embodiment of the present invention; 
and 

FIG. 31 shows a surface acoustic wave device of a 
twenty-seventh embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] The following is a description of embodiments 
of the present invention, with reference to the accompa- 
nying drawings. 

[0020] FIG. 3 shows a surface acoustic wave device 
20A of a first embodiment of the present invention. This 
surface acoustic wave device 20A comprises a piezoe- 
lectric substrate 21, a first surface acoustic wave filter 
22, and a second surface acoustic wave filter 23. 
[0021] The piezoelectric substrate 21 is a rotated-Y 
single crystal plate of LiTa0 3 having a cut angle between 
40° Y and 44° Y. The piezoelectric substrate 21 can pre- 
vent the occurrence of a spurious peak, and contributes 
to realizing a high-quality surface acoustic wave device 
without causing attenuation of a surface acoustic wave 
in the GHz band. With a rotated-Y single crystal plate of 
LiNb0 3 having a cut angle between 66° Y to 74° Y, the 
same effects can be achieved. 

[0022] The first surface acoustic wave filter 22 com- 
prises an input interdigital transducer 24 (Hereinafter, 
"interdigital transducer" will be referred to as "IDT".), and 
two output IDTs 25 and 26 that sandwich the input IDT 
24. The IDTs 24 to 26 are aligned in the propagation 
direction of the surface acoustic wave (i.e., the direction 
pointed to by the arrow X in FIG. 3). 
[0023] The I DTs 24 to 26 are formed by first electrodes 
24A to 26A and second electrodes 24B to 26B, respec- 
tively. Each of the electrodes 24A to 26A and 24B to 26B 
has a comb-like shape. The first electrode 24A of the 
input IDT 24 is connected to the ground, while the sec- 
ond electrode 24B of the input IDT 24 is connected to 
the second surface acoustic wave filter 23. The first 
electrode 25A of the output IDT 25 is connected to the 
first electrode 26A of the output IDT 26 by a connecting 
wire 30. Further, the respective second electrodes 25B 
and 26B of the output IDTs 25 and 26 are connected to 
the ground. 

[0024] Meanwhile, the second surface acoustic wave 
filter 23 substantially has the same structure as the first 
surface acoustic wave filter 22, comprising an input IDT 
27 and two output IDTs 28 and 29 that sandwich the in- 



put IDT 27. The IDTs 27 to 29 are aligned in the propa- 
gation direction of the surface acoustic wave (i.e., the 
direction pointed to by the arrow X in FIG. 3). 
[0025] The IDTs 27 to 29 are constituted by first elec- 
trodes 27A to 29A and second electrodes 27B to 29B 
each having a comb-like shape. The first electrode 27A 
of the input IDT 27 is connected to the ground. The sec- 
ond electrode 27B of the input IDT 27 is connected to 
the second electrode 24B of the input IDT 24 of the first 
surface acoustic wave filter 22 by a connecting wire 32. 
The first electrode 28A of the output I DT 28 is connected 
to the first electrode 29A of the output IDT 29 by a con- 
necting wire 31 . The respective second electrodes 28B 
and 29B of the output IDTs 28 and 29 are connected to 
the ground. 

[0026] As described above, the first surface acoustic 
wave filter 22 and the second surface acoustic wave fil- 
ter 23 substantially have the same structure. However, 
the direction of the first and second electrodes 24A and 
24B of the input IDT 24 is opposite to the direction of the 
first and second electrodes 27A and 27 B of the input 
IDT 27. Accordingly, the phase difference between the 
first surface acoustic wave filter and the second surface 
acoustic wave filter is approximately 180°. 
[0027] In the above structure, an unbalanced input 
terminal 34 is disposed to the connecting wire 32 that 
electrically connects the input I DTs 24 and 27 of the sur- 
face acoustic wave filters 22 and 23. More specifically, 
one end of an input wire 36 is connected to the connect- 
ing wire 32 that connects the input IDTs 24 and 27, and 
the other end of the input wire 36 is connected to the 
unbalanced input terminal 34. 

[0028] Meanwhile, the first electrodes 25A and 26A of 
the output IDTs 25 and 26 that are unconnected to the 
second surface acoustic wave filter 23 are connected 
by the connecting wire 30. One end of an output wire 
37A is connected to the connecting wire 30, and the oth- 
er end of the output wire 37A serves as an output ter- 
minal 35A. 

[0029] The first electrodes 28A and 29A of the output 
IDTs 28 and 29, which are unconnected to the first sur- 
face acoustic wave filter 22, are connected by the con- 
necting wire 31. One end of an output wire 37B is con- 
nected to the connecting wire 31, and the other end of 
the output wire 37B serves as an output terminal 35B. 
[0030] In the surface acoustic wave device 20A of this 
embodiment, the output phase difference between the 
first surface acoustic wave filter 22 and the second sur- 
face acoustic wave filter 23 is approximately 180° , as 
described above. Accordingly, the output terminal 35A 
extending from the first electrodes 25A and 26A of the 
first surface acoustic wave filter 22, and the output ter- 
minal 35B extending from the first electrodes 28A and 
29A of the second surface acoustic wave filter 23 con- 
stitute a balanced terminal (Hereinafter, the output ter- 
minals 35A and 35B will be referred to as "balanced ter- 
minals", and the pair of the balanced terminals 35A and 
35B will be referred to as "balanced terminal".). 
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[0031] As described above, the surface acoustic 
wave device 20A of this embodiment has the unbal- 
anced input terminal 34 on the input side, and has the 
balanced terminals 35A and 35B (differential terminals) 
on the output side. When the surface acoustic wave de- 5 
vice 20A of the present invention is employed in a port- 
able telephone having a balanced mixer IC, for instance, 
a circuit or component conventionally required for per- 
forming unbalance-to-balance conversion (see FIG. 2} 
is no longer required. Thus, the surface acoustic wave 
device 20A can reduce the number of components, the 
size, the weight, and the cost of such a portable tele- 
phone. 

[0032] Referring now to FIG. 4 as well as FIG. 3, the 
operational and electric characteristics of the surface 
acoustic wave device 20 A will be described. FIG. 4 is a 
circuit diagram of the surface acoustic wave device 20A. 
[0033] In the surface acoustic wave device 20A, hav- 
ing the above structure, a high-frequency signal inputted 
from the unbalanced input terminal 34 is divided in half 
and distributed to the first and second surface acoustic 
wave filters 22 and 23. The signal inputted into the first 
surface acoustic wave filter 22 is converted into a sur- 
face acoustic wave by the input IDT 24, and then prop- 
agated in the direction perpendicular to the comb teeth 
(i.e., the direction indicated by the arrow X in FIG. 3) on 
the piezoelectric substrate 21. The surface acoustic 
wave received by the output IDTs 25 and 26 is then con- 
verted into an electric signal, and outputted to the bal- 
anced output terminal 35A. 

[0034] Likewise, the signal inputted into the second 
surface acoustic wave filter 23 is converted into a sur- 
face acoustic wave by the input IDT 27, and propagated 
in the direction perpendicular to the comb teeth (i.e., the 
direction indicated by the arrow X in FIG. 3) on the pie- 
zoelectric substrate 21. The surface acoustic wave re- 
ceived by the output IDTs 28 and 29 is then converted 
into an electric signal, and outputted to the balanced out- 
put terminal 35B. 

[0035] The directions of the output IDTs 25, 26, 28, 
and 29 are the same. However, the directions of the in- 
put IDTs 24 and 27 are opposite to each other. As a re- 
sult, the phase difference between the two output elec- 
tric signals is approximately 1 80° , and the two balanced 
output terminals 35A and 35B constitute the balanced 
terminal 35. 

[0036] In the structure of this embodiment, the unbal- 
anced input terminal 34 is electrically connected in par- 
allel to the first and second surface acoustic wave filters 
22 and 23, as shown in FIG. 4. If the input impedance 
of the first surface acoustic filter 22 is equal to the input 
impedance of the second surface acoustic filter 23 (with 
each input impedance being R1), the impedance (R| N ) 
of the unbalanced input terminal 34 is approximately 
one half of the impedance of each of the surface acous- 
tic wave filters 22 and 23 (R, N = R1/2). 
[0037] Meanwhile, the balanced terminals 35A and 
35B appear to be connected in series. Accordingly, if the 



output impedance of the first surface acoustic wave filter 
22 is equal to the output impedance of the second sur- 
face acoustic wave filter 23 (each output impedance be- 
ing R2), the impedance (Rout) °f * ne balanced termi- 
nals 35A and 35B is approximately twice as high as the 
output impedance of each of the first and second sur- 
face acoustic wave filters 22 and 23 (Rout ^2 x R2). 
[0038] If the input impedance and output impedance 
of each of the first and second surface acoustic wave 
filters 22 and 23 are equal (i.e., R1 = R2), the impedance 
(R OUT ) of the balanced terminals 35A and 35B is four 
times as high as the impedance of the unbalanced input 
terminal 34 (Rout ^4 x ^in)- In this manner, impedance 
conversion is carried out in the surface acoustic wave 
device 20A. This impedance conversion can be arbitrar- 
ily carried out by arbitrarily setting the input and output 
impedance of each of the surface acoustic wave filters 
22 and 23, and/or arbitrarily changing the connection 
among the IDTs 24 to 29. 

[0039] Accordingly, even if the input impedance of the 
surface acoustic wave device 20A is not equal to the 
impedance of an electronic part connected to the sur- 
face acoustic wave device 20A (such as the balanced 
mixer IC 5A shown in FIG. 2), a circuit or component 
that carries out impedance conversion is no longer re- 
quired, thereby reducing the number of components, the 
size, the weight, and the cost of the electronic device 
provided with the surface acoustic wave device 20A. 
[0040] FIG. 5 shows a surface acoustic wave device 
20B of a second embodiment of the present invention. 
In FIG. 5 and the following drawings, the same compo- 
nents as in FIG. 3 are denoted by the same reference 
numerals, and explanations for those components are 
omitted. 

[0041] The surface acoustic wave filters 22 and 23 
that constitute the surface acoustic wave device 20A 
shown in FIG. 3 have the IDTs 24 and 27 as the input 
IDTs, and the IDTs 25, 26, 28, and 29 as the output IDTs. 
The surface acoustic wave filters 22 and 23 are so- 
called 1 -input and 2-output type surface acoustic wave 
filters. On the other hand, the surface acoustic wave de- 
vice 20B of this embodiment includes first and second 
surface acoustic wave filters 38 and 39, each of which 
has two inputs and one output. 

[0042] In the surface acoustic wave device 20B of this 
embodiment, the first electrodes 25A and 26A of the in- 
put IDTs 25 and 26 of the first surface acoustic wave 
filter 38 are connected to each other by the connecting 
wire 30, which is connected to the unbalanced input ter- 
minal 34 by the input wire 36A. Likewise, the first elec- 
trodes 28A and 29A of the input IDTs 28 and 29 of the 
second surface acoustic wave filter 39 are connected to 
each other by the connecting wire 31 , which is connect- 
ed to the unbalanced input terminal 34 by an input wire 
36B. The second electrodes 25B, 26B, 28B, and 29B of 
the input IDTs 25, 26, 28, and 29 are connected to the 
ground. 

[0043] Meanwhile, the output IDT 24 of the first sur- 
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face acoustic wave filter 38 and the output I DT 27 of the 
second surface acoustic wave filter 29 are designed so 
that the output phase difference between them is 180° . 
The second electrode 24B of the output IDT 24 of the 
first surface acoustic wave filter 38 is connected to the 5 
balanced output terminal 35A by the output wire 37A, 
and the second electrode 27B of the output IDT 27 of 
the second surface acoustic wave filter 39 is connected 
to the balanced output terminal 35B by the output wire 
37B. In this manner, the balanced output terminals 35A 
and 35B constitute a balanced terminal 35. The first 
electrodes 24A and 27A of the output IDTs 24 and 27 
are connected to the ground. 

[0044] As described above, in the surface acoustic 
wave device 20B including the 2-input and 1 -output sur- 
face acoustic wave filters 38 and 39, the unbalanced in- 
put terminal 34 serves as an input, and the balanced 
terminals 35A and 35B (differential terminals) serves as 
an output, as in the surface acoustic wave device 20A 
of the first embodiment. Accordingly, when an electronic 
part (such as the balanced mixer IC 5B shown in FIG. 
2) is connected to the surface acoustic wave device 
20B, a circuit or component that carries out unbalance- 
to-balance conversion is no longer required, thereby re- 
ducing the number of components, the size, the weight, 
and the cost of an electronic device (a portable tele- 
phone, for instance). 

[0045] Furthermore, even if the input impedance of 
the surface acoustic wave device 20B is not equal to the 
impedance of the electronic part (such as the balanced 
mixer IC 5A shown in FIG. 2) connected to the surface 
acoustic wave device 20B, a circuit or component that 
carries out impedance conversion is no longer required. 
Thus, the electronic device provided with the surface 
acoustic wave device 20B includes fewer components, 
and is smaller, lighter, and less costly. 
[0046] Referring now to FIG. 6, a surface acoustic 
wave device 20C of a third embodiment of the present 
invention will be described. This surface acoustic wave 
device 20C has substantially the same structure as the 
surface acoustic wave device 20B of the second em- 
bodiment shown in FIG. 5, except that the first electrode 
24A of the output IDT 24 is connected to the balanced 
output terminal 35A by the output wire 37A, and that the 
first electrode 27A of the output IDT 27 is connected to 
the balanced output terminal 35B by the output wire 
37B. 

[0047] In the surface acoustic wave device 20 of this 
embodiment, none of the electrodes 24A, 24B, 27A, and 
27B of the output IDTs 24 and 27 is grounded. Accord- 
ingly, even if a voltage variation is caused in the elec- 
trodes 25B, 26B, 28B, and 29B connected to ground 
wires (not shown) due to an external disturbance, the 
output IDTs 24 and 27 have no adverse influence from 
the variation, and generate steady outputs. 
[0048] FIG. 7 shows a surface acoustic wave device 
20D of a fourth embodiment of the present invention. 
This surface acoustic wave device 20D has a structure 



similar to the surface acoustic wave device 20A of the 
first embodiment shown in FIG. 3, except that a surface 
acoustic wave parallel resonator 40 is disposed on the 
unbalanced input terminal side. 

[0049] This surface acoustic wave parallel resonator 
40 comprises an IDT 41 and a pair of reflectors 42 and 
43 that sandwich the IDT 41. The IDT 41 is made up of 
a first electrode 41 A and a second electrode 41 B both 
having a comb-like shape. The first electrode 41A is 
connected to the second electrodes 24B and 27B of the 
input IDTs 24 and 27 by a connecting wire 45 formed as 
a pattern on the piezoelectric substrate 21. The first 
electrode 41 A is also connected to the unbalanced input 
terminal 34 by the input wire 36. The second electrode 
41 B of the IDT 41 is grounded. 

[0050] With the surface acoustic wave parallel reso- 
nator 40 having the above structure, the attenuation can 
suddenly drop in the passband of the surface acoustic 
wave device 20 D, particularly, in the vicinity of the pass- 
band on the low-frequency side. FIG. 8 shows the pass- 
band characteristics of the surface acoustic wave devic- 
es of the present invention. As indicated by the arrow 
A1 , with the surface acoustic wave parallel resonator 40, 
the attenuation suddenly drops on the low-frequency 
side. 

[0051] Accordingly, with the surface acoustic wave 
device 20D of this embodiment, balanced connection 
and impedance conversion can be realized. Further- 
more, the passband characteristics on the low-frequen- 
cy side can be improved. 

[0052] FIG. 9 shows a surface acoustic wave device 
20E of a fifth embodiment of the present invention. This 
surface acoustic wave device 20E has a structure sim- 
ilar to the surface acoustic wave device 20A of the first 
embodiment shown in FIG. 3, except that the surface 
acoustic wave device 20E of this embodiment has a sur- 
face acoustic wave series resonator 50 on the unbal- 
anced terminal side. 

[0053] This surface acoustic wave series resonator 
50 comprises an IDT 51 and a pair of reflectors 52 and 
53 that sandwich the IDT 51. The IDT 51 is made up of 
a first electrode 51 A and a second electrode 51 B both 
having a comb-like shape. The second electrode 51 B is 
connected to the second electrodes 24B and 27B of the 
input IDTs 24 and 27 by the connecting wire 45 formed 
as a pattern on the piezoelectric substrate 21. The first 
electrode 51 A of the IDT 51 is connected to the unbal- 
anced input terminal 34 by the input wire 36. 
[0054] In the surface acoustic wave series resonator 
50, the attenuation can suddenly drop in the passband 
of the surface acoustic wave device 20E, particularly, in 
the vicinity of the passband on the high-frequency side, 
as indicated by the arrow A2 in FIG. 8. Accordingly, with 
the surface acoustic wave device 20E of this embodi- 
ment, balanced connection and impedance conversion 
can be realized. Furthermore, the passband character- 
istics on the high-frequency side can be improved. 
[0055] FIG. 10 shows a surface acoustic wave device 
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20F of a sixth embodiment of the present invention. This 
surface acoustic wave device 20 F has a structure that 
is similar to the surface acoustic wave device 20A of the 
first embodiment, except that a ladder-type filter 60 is 
disposed on the unbalanced input terminal side. 
[0056] This ladder-type filter 60 comprises first and 
second IDTs 61 and 62, and four reflectors 63 to 66. The 
first IDT 61 is interposed between the pair of reflectors 
63 and 64, and the second IDT 62 is interposed between 
the pair of reflectors 65 and 66. The first I DT 61 is made 
up of a first electrode 61 A and a second electrode 61 B, 
and the second IDT 62 is made up of a first electrode 
62A and a second electrode 62B. Each of the electrodes 
61 A, 61 B, 62A, and 62B has a comb-like shape. 
[0057] The second electrode 61 B of the first IDT 61 is 
connected to the second electrode 62B of the second 
IDT 62 by a connecting wire 67. This connecting wire 
67 is connected to the second electrodes 24B and 27B 
of the input IDTs 24 and 27 by the connecting wire 32 
and the connecting wire 45 formed as a pattern on the 
piezoelectric substrate 21 . The first electrode 62A of the 
second IDT 62 is grounded, and the first electrode 61 A 
of the first IDT 61 is connected to the unbalanced input 
terminal 34. 

[0058] With the ladder-type filter 60 having the above 
structure, the attenuation can suddenly drop in the pass- 
band of the surface acoustic wave device 20F, particu- 
larly, in the vicinity of the passband on both the highl- 
and low-frequency sides, as indicated by the arrows A1 
and A2 in FIG. 8. Accordingly, with the surface acoustic 
wave device 20F of this embodiment, balanced connec- 
tion and impedance conversion can be carried out. Fur- 
thermore, the passband characteristics on both the 
high- and low-frequency sides can be improved. 
[0059] FIG. 11 shows a surface acoustic wave device 
20G of a seventh embodiment of the present invention. 
This surface acoustic wave device 20G has a structure 
that is similar to the surface acoustic wave device 20A 
of the first embodiment shown in FIG. 3, except that a 
double-mode filter 70 is disposed on the unbalanced in- 
put terminal side. 

[0060] This double-mode filter 70 comprises two re- 
flectors 74 and 75, and three IDTs 71 to 73 interposed 
between the reflectors 74 and 75. The reflectors 74 and 
75, and the IDTs 71 to 73 are aligned in the propagation 
direction of surface acoustic waves (i.e., in the direction 
indicated by the arrow X in FIG. 11). 
[0061] The three IDTs 71 to 73 are made up of first 
electrodes 71 A to 73A and second electrodes 71 B to 
73B respectively. Each of the electrodes has a comb- 
like shape. The first electrode 73A of the output IDT 73 
is connected to the second electrodes 24B and 27B of 
the input IDTs 24 and 27 by the connecting wire 32 and 
the connecting wire 45 formed as a pattern on the pie- 
zoelectric substrate 21 . The second electrode 73B of the 
output IDT 73 is grounded. 

[0062] The first electrodes 71 A and 72A of the input 
IDTs 71 and 72, which sandwich the output IDT 73, are 



connected to each other by a connecting wire 76. The 
second electrodes 71 B and 72B of the input IDTs 71 and 
72 are grounded. The connecting wire 76 that connects 
the first electrodes 71 A and 72A is connected to the un- 
5 balanced input terminal 34 by the connecting wire 36. 
[0063] With the double-mode filter 70, the attenuation 
outside the passband can be large, as indicated by the 
arrows B1 and B2 in FIG. 8. Accordingly, with the sur- 
face acoustic wave device 20G of this embodiment, bal- 
anced connection and impedance conversion can be 
carried out. Furthermore, with the large attenuation out- 
side the passband, the passband characteristics can be 
improved. 

[0064] FIG. 12 shows a surface acoustic wave device 
20H of an eighth embodiment of the present invention. 
This surface acoustic wave device 20H has a structure 
that is similar to the surface acoustic wave device 20A 
of the first embodiment shown in FIG. 3, except that an 
I IDT (Interdigited Interdigital Transducer) filter 80 com- 
prising five IDTs 81 to 85 is disposed on the unbalanced 
input terminal side. 

[0065] This I IDT filter 80 comprises two reflectors 86 
and 87, and the five IDTs 81 to 85 interposed between 
the reflectors 86 and 87. The reflectors 86 and 87, and 
the I DTs 81 to 85 are aligned in the propagation direction 
of surface acoustic waves (i.e., in the direction indicated 
by the arrow X in FIG. 12). As shown in FIG. 12, the IDT 
81 is interposed between the IDTs 83 and 84, and the 
IDT 82 is interposed between the IDTs 84 and 85. 
[0066] The five IDTs 81 to 85 are made up of first elec- 
trodes 81 A to 85A and second electrodes 81 B to 85B, 
respectively. Each of the electrodes has a comb-like 
shape. The first electrodes 83A to 85A of the IDTs 83 to 
85 are connected to the second electrodes 24B and 27B 
of the input IDTs 24 and 27 by the connecting wire 32 
and the connecting wire 45 formed as a pattern on the 
piezoelectric substrate 21. The second electrodes 83B 
to 85B are grounded. 

[0067] The first electrodes 81 A and 82A of the IDTs 
81 and 82 are connected to each other by a connecting 
wire 88. This connecting wire 88 is connected to the un- 
balanced input terminal 34 by the input wire 36. The sec- 
ond electrodes 81B and 82B of the IDTs 81 and 82 are 
grounded. 

[0068] With the I IDT filter 80 having the above struc- 
ture, the attenuation outside the passband can be large, 
as indicated by the arrows B1 and B2 in FIG. 8. Accord- 
ingly, with the surface acoustic wave device 20H of this 
embodiment, balanced connection and impedance con- 
version can be carried out. Furthermore, with the large 
attenuation outside the passband, the passband char- 
acteristics can be improved. Since the I IDT filter 80 and 
the double-mode filter 70 exhibit excellent characteris- 
tics in difference passbands, a choice between the I IDT 
filter 80 and the double-mode filter 70 depends on the 
required passband. 

[0069] FIG. 13 shows a surface acoustic wave device 
90Aof a ninth embodiment of the present invention. Like 
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the surface acoustic wave device 20 A of the first em- 
bodiment shown in FIG. 3, the surface acoustic wave 
device 90A of this embodiment has first and second sur- 
face acoustic wave filters 92 and 93 formed on a piezo- 
electric substrate 91. However, the surface acoustic 5 
wave device 90 A differs from the surface acoustic wave 
device 20A in that the first and second surface acoustic 
wave filters 92 and 93 are double-mode filters. 
[0070] The first surface acoustic wave filter 92 com- 
prises two reflectors 100 and 1 01 , and three IDTs 94 to 

96 interposed between the reflectors 100 and 101 . The 
reflectors 100 and 101, and the IDTs 94 to 96 are aligned 
in the propagation direction of surface acoustic waves 
(i.e., in the direction indicated by thearrowX in FIG. 13). 
[0071] The three IDTs 94 to 96 are made up of first 
electrodes 94A to 96A and second electrodes 94B to 
96B, respectively. Each of the electrodes has a comb- 
like shape. The second electrode 94B of the input IDT 
94 is connected to the second surface acoustic wave 
filter 93 by the connecting wire 32 formed as a pattern 
on the piezoelectric substrate 91 . The first electrode 94A 
of the input IDT 94 is grounded. The second electrodes 
95B and 96B are grounded, and the first electrodes 95A 
and 96A are connected by the connecting wire 30. 
[0072] The second surface acoustic wave filter 93 
comprises two reflectors 102 and 103, and three IDTs 

97 to 99 interposed between the reflectors 102 and 103. 
The reflectors 102 and 103, and the IDTs 97 to 99 are 
aligned in the propagation direction of surface acoustic 
waves (i.e., in the direction indicated by the arrow X in 
FIG. 13). 

[0073] The three IDTs 97 to 99 are made up of first 
electrodes 97A to 99A and second electrodes 97B to 
99B, respectively. Each of the electrodes has a comb- 
like shape. The second electrode 97B of the input IDT 
97 is connected to the second electrode 94B of the input 
IDT 94 of the first surface acoustic wave filter 92 by the 
connecting wire 32. The first electrode 97A of the input 
IDT 97 is grounded. 

[0074] The first electrodes 98A and 99A of the pair of 
output IDTs 98 and 99, which sandwich the input IDT 
97, are connected to each other by the connecting wire 
31. The second electrodes 98B and 99B of the output 
IDTs 98 and 99 are grounded. 

[0075] The electrodes 95A, 95B, 96A, and 96B of the 
IDTs 95 and 96 of the first surface acoustic wave filter 
92 extend in a direction opposite to a direction in which 
the electrodes 98A, 98B, 99A, and 99B of the IDTs 98 
and 99 of the second surface acoustic filter 93 extend. 
Accordingly, the phase difference between the first sur- 
face acoustic filter 92 and the second surface acoustic 
filter 93 is approximately 180° . 

[0076] In the above structure, the connecting wire 32 
that electrically connects the input IDTs 94 and 97 is con- 
nected to the unbalanced input terminal 34. More spe- 
cifically, one end of the input wire 36 is connected to the 
connecting wire 32, and the other end of the input wire 
36 serves as the unbalanced input terminal 34. 



[0077] Meanwhile, the first electrodes 95A and 96A of 
the output IDTs 95 and 96, which are not connected to 
the second surface acoustic wave filter 93, are connect- 
ed to each other by the connecting wire 30. One end of 
the output wire 37A is connected to the connecting wire 
30, and the other end of the output wire 37A serves as 
the output terminal 35A. 

[0078] The first electrodes 98A and 99A of the output 
IDTs 98 and 99, which are not connected to the first sur- 
face acoustic wave filter 92, are connected to each other 
by the connecting wire 31. One end of the output wire 
37B is connected to the connecting wire 31 , and the oth- 
er end of the output wire 37B serves as the output ter- 
minal 35B. The output terminal 35A (balanced terminal 
35A) extending from the first surface acoustic wave filter 

92 and the output terminal 35B (balanced terminal 35B) 
extending from the second surface acoustic wave filter 

93 constitute the balanced terminal 35. 

[0079] If the surface acoustic wave device 90A of this 
embodiment is employed in a portable telephone device 
having a balanced mixer IC, for instance, a circuit or 
component that has been conventionally required for 
unbalance-to-balance conversion is no longer required, 
thereby reducing the number of components, the size, 
the weight, and the cost of the portable telephone. 
[0080] The surface acoustic wave device 90A of this 
embodiment is equivalent to the circuit diagram shown 
in FIG. 4. Accordingly, the impedance (R, N ) of the un- 
balanced input terminal 34 is approximately one half of 
the impedance of each of the first and second surface 
acoustic wave filters 92 and 93 (R, N = R1/2), and the 
impedance of the balanced terminals 35A and 35B 
(R 0UT ) is approximately twice the output impedance of 
each of the first and second surface acoustic wave filters 
92 and 93 (R 0 ut ^ 2 x R2 )- lf the input impedance and 
the output impedance of each of the first and second 
surface acoustic wave filters 92 and 93 are equal (i.e., 
R1 = R2), the impedance of the balanced terminals 35A 
and 35B (Rout) is approximately four times as high as 
the impedance (R, N ) of the unbalanced input terminal 
34 ( r out ^4 x R, N ). This proves that impedance con- 
version is carried out in the surface acoustic wave de- 
vice 90A of this embodiment. Accordingly, there is no 
need to employ a circuit or component that carries out 
impedance conversion, even if the input impedance of 
the surface acoustic wave device 90 A is different from 
the impedance of an electronic part (such as the bal- 
anced mixer IC 5A shown in FIG. 2) connected to the 
surface acoustic wave device 90A. Thus, the number of 
components, the size, the weight, and the cost of an 
electronic apparatus to which the surface acoustic wave 
device 90A is mounted can be reduced. 
[0081] As described above, since the first and second 
surface acoustic wave filters 92 and 93 are double- 
mode filters, the attenuation outside the passband can 
be large. Accordingly, with the surface acoustic wave 
device 90A of this embodiment, balanced connection 
and impedance conversion can be carried out. Further- 
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more, because of the large attenuation outside the pass- 
band, the passband characteristics can be improved. 
[0082] FIG. 14 shows a surface acoustic wave device 
90B of a tenth embodiment of the present invention. In 
FIG. 14 and the following figures, the same components 
as in FIGS. 3 and 13 are denoted by the same reference 
numerals, and explanations for those components are 
omitted. 

[0083] This surface acoustic wave device 90B has a 
structure similar to the surface acoustic wave device 
90A of the ninth embodiment shown in FIG. 13, except 
that the surface acoustic wave parallel resonator 40 is 
disposed on the unbalanced input terminal side. 
[0084] As described above, since the first and second 
surface acoustic wave filters 92 and 93 are double- 
mode filters, the attenuation outside the passband can 
be large. Also, with the surface acoustic wave parallel 
resonator 40, the attenuation side suddenly drops in the 
vicinity of the passband on the low-frequency side. Ac- 
cordingly, with the surface acoustic wave device 90B of 
this embodiment, balanced connection and impedance 
conversion can be carried out. Furthermore, the atten- 
uation outside the passband can be increased, and the 
passband characteristics can be improved on the low- 
frequency side. 

[0085] FIG. 15 shows a surface acoustic wave device 
90C of an eleventh embodiment of the present inven- 
tion. This surface acoustic wave device 90C also has a 
structure that is similar to the surface acoustic wave de- 
vice 90Aof the ninth embodiment shown in FIG. 13, ex- 
cept that the surface acoustic wave series resonator 50 
is disposed on the unbalanced input terminal side. 
[0086] Since the first and second surface acoustic 
wave filters 92 and 93 are double-mode filters in this 
embodiment, the attenuation outside the passband can 
be large. Also, with the surface acoustic wave series 
resonator 50, the attenuation suddenly drops in the vi- 
cinity of the passband on the high-frequency side. Ac- 
cordingly, with the surface acoustic wave device 90 C, 
balanced connection and impedance conversion can be 
carried out. Furthermore, the attenuation outside the 
passband can be increased, and the passband charac- 
teristics on the high-frequency side can be improved. 
[0087] FIG. 16 shows a surface acoustic wave device 
90D of a twelfth embodiment of the present invention. 
This surface acoustic wave device 90 D also has a struc- 
ture that is similar to the surface acoustic wave device 
90A of the ninth embodiment shown in FIG. 13, except 
that the ladder-type filter 60 is disposed on the unbal- 
anced input terminal side. 

[0088] Since the first and second surface acoustic 
wave filters 92 and 93 are double-mode filters, the at- 
tenuation outside the passband can be made large. Al- 
so, with the ladder-type filter 60, the attenuation sud- 
denly drops near the passband both on the high-fre- 
quency side and the low-frequency side. Accordingly, 
with the surface acoustic wave device 90D of this em- 
bodiment, balanced connection and impedance conver- 



sion can be carried out. Furthermore, the attenuation 
outside the passband can be increased, and the pass- 
band characteristics can be improved both on the high- 
frequency side and the low-frequency side. 

s [0089] FIG. 17 shows a surface acoustic wave device 
90E of a thirteenth embodiment of the present invention. 
This surface acoustic wave device 90E also has a struc- 
ture that is similar to the surface acoustic wave device 
90A of the ninth embodiment shown in FIG. 13, except 

10 that the double-mode filter 70 including the three IDTs 
71 to 73 interposed between the two reflectors 74 and 
75 is disposed on the unbalanced input terminal side. 
[0090] Since the first and second surface acoustic 
wave filters 92 and 93 are double-mode filters in this 

15 embodiment, the attenuation outside the passband can 
be made large. Also, with the double-mode filter 70, the 
attenuation outside the passband can be made even 
larger. Accordingly, with the surface acoustic wave de- 
vice 90E of this embodiment, balanced connection and 

20 impedance conversion can be carried out. Furthermore, 
the attenuation outside the passband can be more se- 
curely maintained. 

[0091] FIG. 18 shows a surface acoustic wave device 
90F of a fourteenth embodiment of the present inven- 

25 tion. This surface acoustic wave device 90F also has a 
structure that is similar to the surface acoustic wave de- 
vice 90Aof the ninth embodiment shown in FIG. 13, ex- 
cept that the I IDT filter 80 having the five IDTs 81 to 85 
is disposed on the unbalanced input terminal side. 

30 [0092] Since the first and second surface acoustic 
wave filters 92 and 93 are double-mode filters in this 
embodiment, the attenuation outside the passband can 
be made large. Also, with the I IDT filter 80, the attenu- 
ation outside the passband can be made even larger. 

35 Accordingly, with the surface acoustic wave device 90 F 
of this embodiment, balanced connection and imped- 
ance conversion can be carried out. Furthermore, the 
attenuation outside the passband can be more securely 
maintained. 

40 [0093] FIG. 19 shows a surface acoustic wave device 
1 1 0A of a fifteenth embodiment of the present invention. 
Like the surface acoustic wave device 20A of the first 
embodiment shown in FIG. 3, the surface acoustic wave 
device 11 OA of this embodiment has a first surface 

45 acoustic wave filter 112 and a second surface acoustic 
wave filter 113 both formed on a piezoelectric substrate 
111 . The surface acoustic wave device 11 OA of this em- 
bodiment differs from the surface acoustic wave device 
2 OA of the first embodiment in that the first and second 

50 surface acoustic wave filters 112 and 113 are I IDT filters. 
[0094] The first surface acoustic wave filter 112 com- 
prises two reflectors 124 and 125, and five IDTs 114 to 
118 interposed between the reflectors 1 24 and 1 25. The 
reflectors 124 and 125, and the IDTs 114 to 118 are 

55 aligned in the propagation direction of surface acoustic 
waves (i.e., the direction indicated by the arrow X in FIG. 
19). 

[0095] The five IDTs 114 to 118 are made up of first 



9 



17 



EP 1 137 176 A2 



18 



electrodes 114A to 118A and second electrodes 114B 
to 118B, respectively. Each of the electrodes has a 
comb-like shape. The first electrodes 114A to 116A of 
the three input IDTs 114 to 116 are connected to one 
another by the connecting wire 32 formed as a pattern 
on the piezoelectric substrate 111. The first electrodes 
114A to 116A are also connected to the second surface 
acoustic wave filter 113. The second electrodes 1 14B to 
1 16B of the input I DTs 1 14 to 1 1 6 are grounded. The first 
electrodes 117 and 118Aofthe output IDTs 117 and 118 
are connected to each other by a connecting wire 128, 
while the second electrodes 117B and 118B of the out- 
put IDTs 117 and 118 are grounded. 
[0096] Meanwhile, the second surface acoustic wave 
filter 1 1 3 comprises two reflectors 1 26 and 1 27, and five 
IDTs 119 to 123 interposed between the reflectors 126 
and 127. The reflectors 126 and 127, and the IDTs 119 
to 123 are aligned in the propagation direction of surface 
acoustic waves (i.e., the direction indicated by the arrow 
X in FIG. 19). 

[0097] The five IDTs 119 to 123 are made up of first 
electrodes 119Ato 123A and second electrodes 119B 
to 123B, respectively. Each of the electrodes has a 
comb-like shape. The first electrodes 119A to 121 A of 
the three input IDTs 119 to 121 are connected to the one 
another by the connecting wire 32, and to the first elec- 
trodes 114Ato 116Aof the input IDTs 114 to 116 of the 
first surface acoustic wave filter 112. 
[0098] The second electrodes 119Bto 121Bof the in- 
put IDTs 119 to 121 are grounded. The first electrodes 
1 22A and 1 23A of the output I DTs 1 22 and 1 23 are con- 
nected to each other by a connecting wire 129, and the 
second electrodes 122B and 123B of the output IDTS 
122 and 123 are grounded. 

[0099] The electrodes 117A, 117B, 118A,and 118Bof 
the IDTs 117 and 118 of the first surface acoustic wave 
filter 112 extend in a direction opposite to a direction of 
the electrodes 122A, 122B, 123A, and 123B of the IDTs 
122 and 123 of the second surface acoustic wave filter 
113. Accordingly, the phase difference between the first 
surface acoustic wave filter 1 1 2 and the second surface 
acoustic wave filter 113 is approximately 180° . 
[0100] In the above structure, the connecting wire 32, 
which electrically connects the first electrodes 114A- 
116A and 119A-121A of the input IDTs 114-116 and 
119-121 to one another, is connected to the unbalanced 
input terminal 34. More specifically, one end of the input 
wire 36 is connected to the connecting wire 32, and the 
other end of the input wire 36 serves as the unbalanced 
input terminal 34. 

[0101] The first electrodes 117Aand 118Aof the out- 
put IDTs 117 and 118, which are not connected to the 
second surface acoustic wave filter 113, are connected 
to each other by a connecting wire 128. One end of the 
output wire 37A is connected to the connecting wire 128, 
and the other end of the output wire 37A serves as the 
output terminal 35A. 

[01 02] The first electrodes 1 22A and 1 23A of the out- 



put IDTs 122 and 123, which are not connected to the 
first surface acoustic filter 112, are connected to each 
other by a connecting wire 129. One end of the output 
wire 37B is connected to the connecting wire 129, and 

5 the other end of the output wire 37B serves as the output 
terminal 35B. In this manner, the output terminal 35A 
(balanced terminal 35A) extending from the first surface 
acoustic wave filter 112 and the output terminal 35B 
(balanced terminal 35B) extending from the second sur- 

w face acoustic wave filter 113 constitute the balanced ter- 
minal 35. 

[0103] If the surface acoustic wave device 11 OA of this 
embodiment is employed in a portable telephone having 
a balanced mixer IC, a circuit or component that has 
15 been conventionally required for unbalance-to-balance 
conversion is no longer required, thereby reducing the 
number of components, the size, the weight, the cost of 
the portable telephone. 

[01 04] The surface acoustic wave device 1 1 0A of this 

20 embodiment is also equivalent to the circuit shown in 
FIG. 4. Accordingly, the impedance (R, N ) of the unbal- 
anced input terminal 34 is approximately one half of the 
impedance of the surface acoustic wave filters 112 and 
113 (R, N =R1/2), and the impedance (Rqut) of the bal- 

25 anced terminals 35A and 35B is approximately twice as 
high as the output impedance of the surface acoustic 
wave filters (Rqut ^ 2 x R2 )- Accordingly, if the input 
impedance and the output impedance of the first and 
second surface acoustic wave filters 112 and 113 are 

30 equal (i.e., R1 = R2), the impedance (Rout) of the bal- 
anced terminals 35A and 35B becomes approximately 
four times as high as the impedance (R )N ) of the unbal- 
anced input terminal 34 (Rqut ^ 4 x r in)- ln this man- 
ner, impedance conversion is carried out in the surface 

35 acoustic wave device 11 OA of this embodiment. 

[0105] Accordingly, there is no need to employ a cir- 
cuit or component that carries out impedance conver- 
sion, even if the input impedance of the surface acoustic 
wave device 11 OA is different from the impedance of an 

40 electronic part (such as the balanced mixer IC 5A shown 
in FIG. 2} connected to the surface acoustic wave device 
11 OA. Thus, the number of components, the size, the 
weight, and the cost of the electronic device can be re- 
duced. 

45 [01 06] As described above, since the first and second 
surface acoustic wave filters 112 and 113 are I IDT filters, 
the attenuation outside the passband can be made 
large. Accordingly, with the surface acoustic wave de- 
vice 11 OA of this embodiment, balanced connection and 
50 impedance conversion can be carried out. Furthermore, 
the attenuation outside the passband can be increased, 
and the passband characteristics can be improved. 
[01 07] FIG. 20 shows a surface acoustic wave device 
11 0B of a sixteenth embodiment of the present inven- 
ts tion. This surface acoustic wave device 11 0B has a 
structure that is similar to the surface acoustic wave de- 
vice 1 1 0A of the fifteenth embodiment shown in FIG. 19, 
except that the surface acoustic wave parallel resonator 
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40 is disposed on the unbalanced input terminal side. 
[01 08] As described above, since the first and second 
surface acoustic wave filters 112and113arell DT filters, 
the attenuation outside the passband can be made 
large. Also, with the surface acoustic wave parallel res- 5 
onator 40, the attenuation suddenly drops in the vicinity 
of the passband on the low-frequency side. Accordingly, 
with the surface acoustic wave device 11 0B of this em- 
bodiment, balanced connection and impedance conver- 
sion can be carried out. Furthermore, the attenuation 
outside the passband can be increased, and the pass- 
band characteristics can be improved on the low-fre- 
quency side. 

[0109] FIG. 21 shows a surface acoustic wave device 
110C of a seventeenth embodiment of the present in- 
vention. This surface acoustic wave device 110C also 
has a structure that is similar to the surface acoustic 
wave device 11 OA of the fifteenth embodiment shown in 
FIG. 19, except that the surface acoustic wave series 
resonator 50 is disposed on the unbalanced input ter- 
minal side. 

[01 1 0] As described above, since the first and second 
surface acoustic wave filters 112 and 113 are I IDT filters, 
the attenuation outside the passband can be made 
large. Also, with the surface acoustic wave series reso- 
nator 50, the attenuation suddenly drops in the vicinity 
of the passband on the high-frequency side. According- 
ly, with the surface acoustic wave device 110C of this 
embodiment, balanced connection and impedance con- 
version can be carried out. Furthermore, the attenuation 
outside the passband can be increased, and the pass- 
band characteristics can be improved on the high-fre- 
quency side. 

[01 1 1] FIG. 22 shows a surface acoustic wave device 
110D of an eighteenth embodiment of the present inven- 
tion. This surface acoustic wave device 110D also has 
a structure that is similar to the surface acoustic wave 
device 11 OA of the fifteenth embodiment shown in FIG. 
19, except that the ladder-type filter 60 is disposed on 
the unbalanced input terminal side. 
[01 12] As described above, since the first and second 
surface acoustic wave filters 112and113arell DT filters, 
the attenuation outside the passband can be made 
large. Also, with the ladder-type filter 60, the attenuation 
suddenly drops in the vicinity of the passband on both 
the high- and low-frequency sides. Accordingly, with the 
surface acoustic wave device 110D of this embodiment, 
balanced connection and impedance conversion can be 
carried out. Furthermore, the attenuation outside the 
passband can be increased, and the passband charac- 
teristics can be improved on both the high- and low-fre- 
quency sides. 

[01 13] FIG. 23 shows a surface acoustic wave device 
110E of a nineteenth embodiment of the present inven- 
tion. This surface acoustic wave device 110E also has 
a structure that is similar to the surface acoustic wave 
device 11 OA of the fifteenth embodiment shown in FIG. 
1 9, except that the double-mode filter 70 is disposed on 



the unbalanced input terminal side. 
[01 14] As described above, since the first and second 
surface acoustic wave filters 112 and 113 are I IDT filters, 
the attenuation outside the passband can be made 
large. Also, with the double-mode filter 70, the attenua- 
tion outside the passband can be made even larger. Ac- 
cordingly, with the surface acoustic wave device 110E 
of this embodiment, balanced connection and imped- 
ance conversion can be carried out. Furthermore, the 
attenuation outside the passband can be more securely 
maintained. 

[01 15] FIG. 24 shows a surface acoustic wave device 
11 OF of a twentieth embodiment of the present inven- 
tion. This surface acoustic wave device 11 OF also has 
a structure that is similar to the surface acoustic wave 
device 11 OA of the fifteenth embodiment shown in FIG. 
19, except that the IIDT filter 80 is disposed on the un- 
balanced input terminal side. 

[01 16] As described above, since the first and second 
surface acoustic wave filters 112 and 113 are I IDT filters, 
the attenuation outside the passband can be made 
large. Also, with the IIDT filter 80, the attenuation out- 
side the passband can be made even larger. According- 
ly, with the surface acoustic wave device 11 OF of this 
embodiment, balanced connection and impedance con- 
version can be carried out. Furthermore, the attenuation 
outside the passband can be more securely maintained. 
[01 17] FIG. 25 shows a surface acoustic wave device 
1 30A of a twenty-first embodiment of the present inven- 
tion. This surface acoustic wave device 1 30A comprises 
a piezoelectric substrate 131, five IDTs 134-1 to 134-5 
formed on the propagation paths of surface acoustic 
waves on the piezoelectric substrate 131, and a pair of 
reflectors 139 and 140 that sandwich the IDTs 134-1 to 
134-5. 

[0118] The five IDTs 134-1 to 134-5 are made up of 
first electrodes 134-1 A to 134-5A and second elec- 
trodes 1 34-1 B to 1 34-5B, respectively. Each of the elec- 
trodes has a comb-like shape. Among the five IDTs 
134-1 to 134-5, the IDTs 134-1, 134-3, and 134-5 are 
input IDTs, while the IDTs 134-2 and 134-4 are output 
IDTs. The output IDT 134-2 is interposed between the 
input IDTs 134-1 and 134-3, and the output IDT 134-4 
is interposed between the input IDTs 134-3 and 134-5. 
The first electrodes 134-1 A, 134-3A, and 134-5A of the 
input IDTs 134-1, 134-3, and 134-5 are connected to one 
another by a connecting wire 141 formed as a pattern 
on the piezoelectric substrate 131. The second elec- 
trodes 134-1B, 134-3B, and 134-5B of the input IDTs 
134-1, 134-3, and 134-5 are grounded. 
[01 19] On the other hand, the first electrodes 1 34-2A 
and 134-4A of the output IDTs 134-2 and 134-4 are con- 
nected to each other by a connecting wire 142. The sec- 
ond electrodes 134-2B and 134-4B of the output IDTs 
134-2 and 134-4 are connected by a connecting wire 
143. 

[0120] In the above structure, the connecting wire 
141, which electrically connects the first electrodes 
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134-1A, 134-3A, and 134-5A of the input IDTs 134-1, 
134-3, and 134-5, is connected to the unbalanced input 
terminal 34. More specifically, one end of the input wire 
36 is connected to the connecting wire 141 , and the oth- 
er end of the input wire 36 serves as the unbalanced 
input terminal 34. 

[0121] The first electrodes 134-2A and 134-4A of the 
output IDTs 134-2 and 134-4 are connected to each oth- 
er by the connecting wire 142. One end of the output 
wire 37A is connected to the connecting wire 142, and 
the other end of the output wire 37A serves as the output 
terminal 35A. The second electrodes 134-2B and 
134-4B of the output IDTs 134-2 and 134-4 are connect- 
ed to each other by the connecting wire 143. One end 
of the output wire 37B is connected to the connecting 
wire 143, and the other end of the output wire 37B 
serves as the output terminal 35B. 
[0122] The phase difference between the first elec- 
trodes 134-2A, 134-4A and the second electrodes 
134-2B, 134-4B is 180° . Accordingly, the output termi- 
nal 35A (balanced terminal 35A) extending from the first 
electrodes 134-2A and 134-4A of the output IDTs 134-2 
and 134-4, and the output terminal 35B (balanced ter- 
minal 35B) extending from the second electrodes 
134-2B and 134-4B of the output IDTs 134-2 and 134-4 
constitute the balanced terminal 35. 
[0123] If the surface acoustic wave device 130A of 
this embodiment is employed in a portable telephone 
having a balanced mixer IC, a circuit or component that 
has been conventionally required for unbalance-to-bal- 
ance conversion is no longer required, thereby reducing 
the number of components, the size, the weight, the cost 
of the portable telephone. The surface acoustic wave 
device 130A including the five IDTs 134-1 to 134-5 
(Hereinafter, this type of surface acoustic wave filter will 
be referred to as "5-IDT filter".) can obtain stable char- 
acteristics in a wide passband. Furthermore, since the 
input and output IDTs 134-1 to 134-5 are all arranged in 
parallel, the impedance of the entire surface acoustic 
wave device 130A can be lowered. 
[01 24] When an electronic part (such as the balanced 
mixer IC 5B shown in FIG. 2) having a different imped- 
ance is connected to the surface acoustic wave device 
130A of this embodiment, the problem of impedance 
matching will be caused. However, impedance match- 
ing can be easily carried out by connecting one or more 
resonators and filters to the balanced terminal 35 or the 
unbalanced input terminal 34 on the piezoelectric sub- 
strate 131 of the surface acoustic wave device 130A. 
The following embodiments will show examples of such 
a structure. 

[0125] FIG. 26 shows a surface acoustic wave device 
130B of a twenty-second embodiment of the present in- 
vention. In FIG. 26 and the following figures, the same 
components as in FIGS. 3, 13, and 25 are denoted by 
the same reference numerals, and explanations for 
those components are omitted. 

[01 26] This surface acoustic wave device 1 30B has a 



structure that is similar to the surface acoustic wave de- 
vice 130A of the twenty-first embodiment shown in FIG. 
25, except that the surface acoustic wave parallel reso- 
nator 40 is disposed on the unbalanced input terminal 
5 side. 

[01 27] As described above, with the 5-I DT filter, stable 
characteristics can be obtained in a wide passband. Al- 
so, since the surface acoustic wave parallel resonator 
40 is disposed on the unbalanced input terminal side in 

10 this embodiment, impedance matching can be carried 
out for the entire surface acoustic wave device 130B, 
and the attenuation suddenly drops in the vicinity of the 
passband on the low-frequency side. Accordingly, with 
the surface acoustic wave device 130B of this embodi- 

15 ment, balanced connection and impedance conversion 
can be carried out. Furthermore, the characteristics can 
be improved in a wider passband, and the passband 
characteristics can be improved on the low-frequency 
side. 

20 [01 28] FIG. 27 shows a surface acoustic wave device 
130C of a twenty-third embodiment of the present in- 
vention. This surface acoustic wave device 1 30C also 
has a structure that is similar to the surface acoustic 
wave device 130A of the twenty-first embodiment 

25 shown in FIG. 25, except that the surface acoustic wave 
series resonator 50 is disposed on the unbalanced input 
terminal side. 

[01 29] As described above, with the 5-I DT filter, stable 
characteristics can be obtained in a wider passband. Al- 
30 so, since the surface acoustic wave series resonator 50 
is disposed on the unbalanced input terminal side, im- 
pedance matching can be carried out for the entire sur- 
face acoustic wave device 130C, and the attenuation 
suddenly drops in the vicinity of the passband on the 
35 high-frequency side. Accordingly, with the surface 
acoustic wave device 130C of this embodiment, bal- 
anced connection and impedance conversion can be 
carried out. Furthermore, the characteristics can be im- 
proved in a wider passband, and the passband charac- 
40 teristics can be improved on the high-frequency side. 
[01 30] FIG. 28 shows a surface acoustic wave device 
130D of a twenty-fourth embodiment of the present in- 
vention. This surface acoustic wave device 130D also 
has a structure that is similar to the surface acoustic 
45 wave device 130A of the twenty-first embodiment 
shown in FIG. 25, except that the ladder-type filter 60 is 
disposed on the unbalanced input terminal side. 
[0131] As described above, with the 5-I DT filter, stable 
characteristics can be obtained in a wider passband. Al- 
so so, since the ladder-type filter 60 is disposed on the un- 
balanced input terminal side, impedance matching can 
be carried out for the entire surface acoustic wave de- 
vice 130D, and the attenuation suddenly drops in the 
vicinity of the passband on both the high- and low-fre- 
55 quency sides. Accordingly, with the surface acoustic 
wave device 130D of this embodiment, balanced con- 
nection and impedance conversion can be carried out. 
Furthermore, excellent characteristics can be obtained 
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in a wider passband, and the passband characteristics 
can be improved on both the high- and low-frequency 
sides. 

[0132] FIG. 29 shows a surface acoustic wave device 
130E of a twenty-fifth embodiment of the present inven- 
tion. This surface acoustic wave device 130E also has 
a structure that is similar to the surface acoustic wave 
device 130A of the twenty-first embodiment shown in 
FIG. 25, except that the double-mode filter 70 is dis- 
posed on the unbalanced input terminal side. 
[0133] As described above, with the 5- IDT filter, stable 
characteristics can be obtained in a wider passband. Al- 
so, since the double-mode filter 70 is disposed on the 
unbalanced input terminal side, impedance matching 
can be carried out for the entire surface acoustic wave 
device 130E, and the attenuation outside the passband 
can be made even larger. Accordingly, with the surface 
acoustic wave device 130E of this embodiment, bal- 
anced connection and impedance conversion can be 
carried out. Furthermore, the characteristics can be im- 
proved in a wider passband, and the attenuation outside 
the passband can be more securely maintained. 
[01 34] FIG. 30 shows a surface acoustic wave device 
130F of a twenty-sixth embodiment of the present in- 
vention. This surface acoustic wave device 130F also 
has a structure that is similar to the surface acoustic 
wave device 130A of the twenty-first embodiment 
shown in FIG. 25, except that the IIDT filter 80 is dis- 
posed on the unbalanced input terminal side. 
[0135] As described above, with the 5-IDT filter, stable 
characteristics can be obtained in a wider passband. Al- 
so, since the 1 1 DT filter 80 is disposed on the unbalanced 
input terminal side, impedance matching can be carried 
out for the entire surface acoustic wave device 130D, 
and the attenuation outside the passband can be made 
even larger. Accordingly, with the surface acoustic wave 
device 130F of this embodiment, balanced connection 
and impedance conversion can be carried out. Further- 
more, the characteristics can be improved in a wider 
passband, and the attenuation outside the passband 
can be more securely maintained. 
[0136] In the twenty-second embodiment to the twen- 
ty-sixth embodiment, the surface acoustic wave parallel 
resonator 40, the surface acoustic wave series resona- 
tor 50, the ladder-type filter 60, the double-mode filter 
70, or the IIDT filter 80 is disposed on the piezoelectric 
substrate 131. However, the number of each of these 
components is not limited to 1. It is of course possible 
to employ a plurality of surface acoustic wave parallel 
resonators, a plurality of surface acoustic wave series 
resonators, a plurality of ladder-type filters, a plurality of 
double-mode filters, and a plurality of IIDT filters. Also, 
a combination of singular components and a plurality of 
components can be employed. 

[0137] FIG. 31 shows a surface acoustic wave device 
150 of a twenty-seventh embodiment of the present in- 
vention. In this figure, the same components as in the 
surface acoustic wave device 20A shown in FIG. 3 are 



denoted by the same reference numerals, and explana- 
tions for those components are omitted. 
[01 38] This surface acoustic wave device 1 50 has two 
surface acoustic wave devices 20A of the first embodi- 
5 ment on a piezoelectric substrate 151 . Hereinafter, one 
of the two surface acoustic wave devices 20A will be 
referred to as a first surface acoustic wave filter 20A-1, 
and the other one will be referred to as a second surface 
acoustic wave filter 20A-2. 

[01 39] The first surface acoustic wave filter 20A-1 and 
the second surface acoustic wave filter 20A-2 are sym- 
metrically arranged on the piezoelectric substrate 21. 
The connecting wires 32 of the first and second surface 
acoustic wave filters 20A-1 and 20A-2 are connected to 
each other by a cascade-connecting wire 152. In other 
words, the first surface acoustic wave filter 20A-1 and 
the second surface acoustic wave filter 20A-2 are cas- 
cade-connected by the cascade-connecting wire 152. 
[0140] Terminals 153A and 153B formed at the end 
portions of two input wires 36A and 36B extending from 
the second surface acoustic wave filter 20A-2 constitute 
a balanced terminal 153. Terminals 35A and 35B are 
formed at the end portions of the two output wires 37A 
and 37B extending from the first surface acoustic wave 
filter 20A-1 . Accordingly, the surface acoustic wave de- 
vice 150 of this embodiment is a surface acoustic wave 
filter of a balanced-input and balanced-output type. 
[0141] Since the first and second surface acoustic 
wave filters 20A-1 and 20A-2 are cascade-connected, 
the attenuation is larger than (twice as large as) the at- 
tenuation obtained by the individual surface acoustic 
wave filter 20A-1 or 20A-2, as indicated by the arrow C 
in FIG. 8. 

[0142] In the foregoing embodiments, the surface 
acoustic wave parallel resonator 40, the surface acous- 
tic wave series resonator 50, the ladder-type filter 60, 
the double-mode filter 70 , or the 1 1 DT filter 80 is disposed 
on the unbalanced side. However, these components 
may be disposed on the balanced side. In such a case, 
both balanced output terminals 35A and 35B on the bal- 
anced side need to be connected to the surface acoustic 
wave parallel resonator 40, the surface acoustic wave 
series resonator 50, the ladder-type filter 60, the double- 
mode filter 70, or the IIDT filter 80. This structure might 
result in a larger surface acoustic wave device. There- 
fore, it is more advantageous to place one of them on 
the unbalanced side. 

[0143] The present invention is not limited to the spe- 
cifically disclosed embodiments, but variations and 
modifications may be made without departing from the 
scope of the present invention. 

[0144] The present application is based on Japanese 
priority application No. 2000-077007, filed on March 17, 
2000, the entire contents of which are hereby incorpo- 
rated by reference. 
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Claims 



A surface acoustic wave device, characterized by 

comprising: 



The surface acoustic wave device as claimed in 
claim 1 or 2, characterized in that a ladder-type 
filter is disposed on the side of the unbalanced ter- 
minal. 



a piezoelectric substrate; 
a first surface acoustic wave filter that is formed 
on the piezoelectric substrate, and includes at 
least one input interdigital transducer and at 
least one output interdigital transducer that are 
alternately arranged on a surface acoustic 
wave path on the piezoelectric substrate; and 
a second surface acoustic wave filter that in- 
cludes at least one input interdigital transducer 
and at least one output interdigital transducer 
that are alternately arranged on the surface 
acoustic wave path on the piezoelectric sub- 
strate, a phase difference between the first sur- 
face acoustic wave filter and the second sur- 
face acoustic wave filter being approximately 
180° , 
wherein: 



6. The surface acoustic wave device as claimed in 
claim 1 or 2, characterized in that a double-mode 
filter that has three interdigital transducers inter- 
posed between two reflectors is disposed on the 

10 side of the unbalanced terminal. 

7. The surface acoustic wave device as claimed in 
claim 1 or 2, characterized in that an I IDT (inter- 
digited interdigital transducer) filter that includes 

15 five interdigital transducers is disposed on the side 
of the unbalanced terminal. 

8. The surface acoustic wave device as claimed in 
claim 1 or 2, characterized in that the first and sec- 

20 ond surface acoustic wave filters are double-mode 
filters each including three interdigital transducers 
interposed between two reflectors. 



2. 



3. 



the input interdigital transducers of the first 
and second surface acoustic wave filters 
are electrically connected to each other, or 
the output interdigital transducers of the 
first and second surface acoustic wave fil- 
ters are electrically connected to each oth- 
er; 

a terminal extending from the connecting 
point between the first surface acoustic 
wave filter and the second surface acoustic 
wave filter serves as an unbalanced termi- 
nal; and 

terminals extending from the interdigital 
transducers that are not connected be- 
tween the first and second surface acoustic 
wave filters serve as a balanced terminal. 

The surface acoustic wave device as claimed in 
claim 1 , characterized in that the input interdigital 
transducers or the output interdigital transducers of 
the first and second surface acoustic wave filters 
are connected in parallel, so that the impedance of 
the balanced terminal becomes larger than the im- 
pedance of the unbalanced terminal. 

The surface acoustic wave device as claimed in 
claim 1 or 2, characterized in that a surface acous- 
tic wave parallel resonator is disposed on the side 
of the unbalanced terminal. 

The surface acoustic wave device as claimed in 
claim 1 or 2, characterized in that a surface acous- 
tic wave series resonator is disposed on the side of 
the unbalanced terminal. 



9. The surface acoustic wave device as claimed in 
25 claim 8, characterized in that a surface acoustic 

wave parallel resonator is disposed on the side of 
the unbalanced terminal. 

10. The surface acoustic wave device as claimed in 
30 claim 8, characterized in that a surface acoustic 

wave series resonator is disposed on the side of the 
unbalanced terminal. 

11. The surface acoustic wave device as claimed in 
35 claim 8, characterized in that a ladder-type filter is 

disposed on the side of the unbalanced terminal. 

12. The surface acoustic wave device as claimed in 
claim 8, characterized in that a double-mode filter 

40 that has three interdigital transducers interposed 
between two reflectors is disposed on the side of 
the unbalanced terminal. 

13. The surface acoustic wave device as claimed in 
45 claim 8, characterized in that an I IDT (interdigited 

interdigital transducer) filter that includes five inter- 
digital transducers is disposed on the side of the un- 
balanced terminal. 

50 14. The surface acoustic wave device as claimed in 
claim 1 or 2, characterized in that the first and sec- 
ond surface acoustic wave filters are I IDT (interdig- 
ited interdigital transducer) filters each including 
five interdigital transducers. 



55 



15. The surface acoustic wave device as claimed in 
claim 14, characterized in that a surface acoustic 
wave parallel resonator is disposed on the side of 
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the unbalanced terminal. 

16. The surface acoustic wave device as claimed in 
claim 14, characterized in that a surface acoustic 
wave series resonator is disposed on the side of the 5 
unbalanced terminal. 

17. The surface acoustic wave device as claimed in 
claim 14, characterized in that a ladder-type filter 
is disposed on the side of the unbalanced terminal. 

18. The surface acoustic wave device as claimed in 
claim 14, characterized in that a double-mode fil- 
ter that has three interdigital transducers interposed 
between two reflectors is disposed on the side of 
the unbalanced terminal. 

19. The surface acoustic wave device as claimed in 
claim 14, characterized in that an I IDT (interdigit- 
ed interdigital transducer) filter that includes five in- 
terdigital transducers is disposed on the side of the 
unbalanced terminal. 

20. A surface acoustic wave device, characterized by 
comprising: 

a piezoelectric substrate: and 
five interdigital transducers arranged on a sur- 
face acoustic wave path on the piezoelectric 
substrate, 
wherein: 

among the five interdigital transducers, 
first, third, and fifth interdigital transducers 
counted from one end of said device serve 
as input interdigital transducers, and are 
electrically connected at electrodes on one 
side, with an unbalanced terminal extend- 
ing from a connecting point among the 
electrodes on the one side; 
second and fourth interdigital transducers 
counted from the one end of said device 
serve as output interdigital transducers, 
with a phase difference between elec- 
trodes on one side and electrodes on the 
other side of the second and fourth inter- 
digital transducers being 180° ; and 
a first terminal extends from a connecting 
point between the electrically connected 
electrodes on the one side of the second 
and fourth interdigital transducers, while a 
second terminal extends from a connecting 
point between the electrically connected 
electrodes on the other side of the second 
and fourth interdigital transducers, the first 
terminal and the second terminal constitut- 
ing a balanced terminal. 
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21. The surface acoustic wave device as claimed in 
claim 20, characterized in that a surface acoustic 
wave parallel resonator is disposed on the side of 
the unbalanced terminal. 

22. The surface acoustic wave device as claimed in 
claim 20, characterized in that a surface acoustic 
wave series resonator is disposed on the side of the 
unbalanced terminal. 

23. The surface acoustic wave device as claimed in 
claim 20, characterized in that a ladder-type filter 
is disposed on the side of the unbalanced terminal. 

24. The surface acoustic wave device as claimed in 
claim 20, characterized in that a double-mode fil- 
ter that has three interdigital transducers interposed 
between two reflectors is disposed on the side of 
the unbalanced terminal. 

25. The surface acoustic wave device as claimed in 
claim 20, characterized in that an I IDT filter that 
includes five interdigital transducers is disposed on 
the side of the unbalanced terminal. 

26. The surface acoustic wave device as claimed in any 
one of claims 1 to 25, characterized in that the pi- 
ezoelectric substrate comprises a rotated-Y single- 
crystal plate of LiTa0 3 having a cut angle between 
40° Y and 44° Y. 

27. The surface acoustic wave device as claimed in any 
one of claims 1 to 25, characterized in that the pi- 
ezoelectric substrate comprises a rotated-Y single- 
crystal plate of LiNb0 3 having a cut angle between 
66° Y and 74° Y. 
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